Abstract. NELIS (Neutron ELemental Inspection System) is currently being developed to inspect cargo pallets for illicit drugs. NELIS must be used in conjunction with an x-ray imaging system to optimize the inspection capabilities at ports of entry. Pulsed fast-thermal neutron analysis is utilized to measure the major and minor chemical elements in a nondestructive and non-intrusive manner. Fourteen-MeV neutrons produced with a pulsed d-T neutron generator are the interrogating particles. NELIS analyzes the characteristic gamma rays emitted from the object that are produced by nuclear reactions from fast and thermal neutrons. These gamma rays have different energies for each chemical element, and act as their fingerprints. Since the elemental composition of illicit drugs is quite different from that of innocuous materials, drugs hidden in pallets are identified through the comparison of expected and measured elemental composition and ratios. Results of tests of the system will be discussed.
INTRODUCTION
The Neutron Elemental Inspection System (NELIS) is currently being developed at the Applied Physics Institute to inspect cargo pallets for hidden illicit drugs. The penetrating ability of neutrons and γ-rays provides an effective way for measuring the elemental content of an interrogated object. Pulsed Fast / Thermal Neutron Analysis (PFTNA) is utilized to measure the major and minor chemical elements in a non-destructive and non-intrusive manner [1] . Drugs contain various chemical elements such as C, O, H, Cl etc. in quantities and ratios that differentiate them from other innocuous substances and thus drugs hidden in pallets can be identified through the comparison of expected and measured elemental composition and ratios. Fourteen-MeV neutrons are produced with a pulsed deuterium-tritium (d-T) neutron generator. Using PFTNA, separate γ-ray spectra from fast neutron, thermal neutron and activation reactions are accumulated by several detectors and analyzed to determine elemental content. Data analysis is performed in an automatic manner and a final result of whether drugs are present in cargo is returned to the operator. To optimize the inspection capabilities at ports of entry, NELIS must be used in conjunction with an x-ray imaging system [2] .
PFTNA TECHNIQUE
PFTNA is a bulk analysis technique for elemental characterization. A pulsing d-T neutron generator which has a neutron pulse duration of a few microseconds and a pulsing frequency of a few kHz is the key component in PFTNA. In principle, neutrons impinging upon an object can induce any of several nuclear reactions in the elements found in the object under scrutiny. The γ-rays from these reactions, which include inelastic scattering, (n, n'γ), (n,pγ), and neutron activation, act as a fingerprints and can be utilized to identify the elements of interest. These γ-rays are detected by a suitable set of detectors.
In PFTNA, two spectra are acquired: one during the neutron pulse and the second between neutron pulses. During the neutron pulse, the γ-ray spectrum is primarily composed of γ-rays from the (n,n'γ) and (n,pγ) reactions on elements such as carbon and oxygen, and is stored at a particular memory location within the data acquisition system. Between pulses, some of the fast neutrons that are still within the object lose energy by collisions with light elements composing the object. When the neutrons have an energy less than 1 eV, they are captured by such elements as hydrogen, chlorine, nitrogen, and iron through (n,γ) reactions. The γ−rays from this set of reactions are detected by the same set of detectors but stored at a different memory address within the data acquisition system. This procedure is repeated with a frequency of approximately 10 kHz. After a predetermined number of pulses, there is a longer pause that allows the detection of γ-rays emitted from elements such as silicon and phosphorus that have been activated. Therefore, by utilizing fast neutron reactions, neutron capture reactions, and activation analysis, a large number of elements contained in an object can be identified in a continuous mode without sampling.
The physical principles upon which this technique is based have been well established and have been utilized in the study of nuclear structure for many years. Several PFTNA systems are currently under development at Western Kentucky University. One system is a multi-parameter coal analyzer [3] and another is an explosive detection system called PELAN (Pulsed ELemental Analysis with Neutrons) [4] . All of these systems utilize the elemental content within the interrogated object to reach some decision or calculate some quantity that is then reported to the user. Finally, NELIS system for the inspection of cargo for contraband is under development [5] .
NELIS DESIGN
NELIS is to be used in conjunction with an x-ray inspection system as shown in Figure 1 . Any anomaly in density found by the x-ray system will be examined for chemical composition with NELIS. The system consists of a neutron generator and three BGO γ-ray detectors (see Figure 2 ) placed on motorized frame. One γ-ray detector is placed directly across the pallet from the neutron generator in a transmission arrangement. The other detectors are placed across from each other on the remaining sides of the pallet. As shown in Figures 2 and 3 , detectors and neutron generator can move vertically with the frame and horizontally to scan the pallet or focus on a particular volume of the pallet. Detectors are shielded from the direct neutron flux from the generator and collimated to mitigate the γ-rays emitted from personnel shielding and equipment. The neutron generator produces approximately 10 8 n/s. In experiments, personnel shielding is provided in the form of concrete walls. The radiation dose within a foot of NELIS is less than the Nuclear Regulatory Commission's allowed limit for the general public (50 µrem/hr). The 75-cm thick water shielding can be also used. Advantage of using water is that tanks may be drained for transport. NELIS is robust and has been designed as a device to be used by technical personnel with the minimum of additional training. To this end, the data acquisition has been automated, and the decision process has been simplified.
The γ-ray spectra from the three detectors are accumulated in a data acquisition computer. Data analysis of the resulting γ-ray spectrum is performed using the computer code SPIDER, a spectrum deconvolution code developed for the Windows 95/98/NT platforms [3] . The resulting γ-ray analysis is converted through algorithms into elemental content. The resulting elemental content is then reported to the user. Based on the decision-making algorithm, userfriendly NELIS software automatically calculates and projects on the computer monitor the results in the Form "No Contraband" or "Contraband Detected!" (see Figure 4) .
It should be noted that result is calculated for each detector, and it makes it possible for the scan mode to find the position of hidden drugs inside the pallet. For example, for pallet of clothes with hidden cocaine simulant in Figure 4 all three detectors show contraband detected. It means that drug simulant is in the center of pallet.
The NELIS system is composed of various components that are bolted together. Several of the sections are large for rigidity reasons, but they are transportable by truck. The radiation shielding is also demountable, composed of stacked cement blocks or water tanks. 
EXPERIMENTAL RESULTS
When analyzing the data from an object under interrogation, NELIS is looking for chemical element variations between a part of the object that is known to have no hidden drugs (background) and the part of the object under scrutiny. Background spectra, therefore, are essential for the NELIS analysis.
Instead, however, of taking data several times for each pallet, the background for each commodity can be taken previously and stored in NELIS's computer. Extensive data taken with NELIS indicate that the background spectra are very stable, and they do not vary over time. For commodities used experiments, a library of backgrounds was formed. The various backgrounds were stored in the computer, and prior to each interrogation they could be recalled from database.
The field trials of NELIS using real 4ft×4ft cargo pallets with several commodities were performed. NELIS was operated in an automatic mode, and the trials were blind. There were trials with 13 different commodities with and without hidden drug simulants (between 2 kg and 10 kg). Each interrogation was five minute duration. The data analysis and the display of the results (Figure 4) followed within a few seconds. Only in one of the commodities, roofing shingles, NELIS failed to find the hidden drugs consistently. In all other commodities tested, NELIS automatically and correctly indicated whether drugs were present or not. Results of blind tests using cocaine simulant are shown in Table 1 for various commodities. 
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CONCLUSIONS
The use of pulsed neutrons has been shown to be an effective method for the detection of drugs. Based on the Pulsed Fast and Thermal Neutron Analysis (PFTNA) techniques, NELIS has been developed and has been subjected to an extensive validation process. The system can produce a quantitative elemental bulk analysis for all major and minor chemical elements. Each interrogation takes place in five minutes. The data acquisition and analysis are performed automatically.
The unique arrangement of the neutron generator and detectors allows either a full scan of the pallet or the operator to focus upon a particular volume. The latter will decrease the examination time of a pallet.
Sensitivity of this technique depends on distances from the pallet to the source and detectors, and the type of commodity. Detectors and neutron generator should be placed 2-3 inches from 4ft×4ft cargo pallet surface.
NELIS has been successful in identifying the presence of drug simulant in several types of commodities. NELIS's success in finding drug simulant hidden within a pallet of cement is of particular note. The material with a specific gravity of one can be problematic for x-ray-based inspection systems. The NELIS can provide relatively inexpensive solution to this problem. NELIS's personnel shielding has been designed to eliminate or minimize radiation safety concerns of the operators. By utilizing water, the system can be made transportable and inexpensive.
Future work will concentrate on larger number of detectors and other commodities. This will allow the simultaneous interrogation of several segments of a pallet -a crude imaging. In this manner, the detectors do not need to be moved to a specific pallet location.
Computerization of movement is also a future task. The detectors and neutron generator are currently moved by hand to the desired location. Computerization will allow the single or array detectors to move close to a pallet, independent of the pallet's size and shape. Placing NELIS at a Port of Entry would allow the collection of data for all types of commodities crossing through that point that cannot be duplicated in a laboratory. Flexible decision algorithms are to be designed based upon this research.
